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@ Switching circuits and matrix device using same. 
(57) The invention relates to switching circuits and matrix 
device using same and having the form of a flat pane! 
comprising a control device and a smectic liquid crystal 
display including pixels arranged in a coordinate matrix of 
400 rows and 720 columns. The control device includes 
several driver units located along the four sides of the 
rectangular matrix and serially interconnected along each 
side so as to constitute bidirectional shift registers for serial 
control data and information. Each driver unit controls 30 
odd or 30 even numbered lines {rows or columns) and is able 
to apply to these lines for a predetermined duration DC 
voltages equal to either -150 Volts. -30 Volts, 0 Volt. +30 
Volts or + 1 50 Volts in function of these data and information. 
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Switchinc circuits and matrix device using same 

The present invention relates to a matrix device 
and an associated control device, said coordinate matrix 
including- a plurality of series of crossing electric lines 
(rows, columns) defining crosspoints, said control device 
including a plurality of driver units arranged along different 
sides of said coordinate matrix and having line output termi- 
nals coupled to distinct ones of the liis of at least one of 
said series, and said control device including also an input 
signal source coupled to said driver units and adapted to 
supply input signals to said driver units. 

Such a device is already known in the art, e.g. 
from the UK patent application G3 2 120 44 O A . Therein, driver units 
are on opposite sides of tie coordinate matrix th&sty bereStiiig fjcm a 
spacing tetween aqja=ert unit terttunais which is tvdce that between matrix 
liies. However, the lines on opposite si5es are u^ for distinct fianctio 

An object of the present invention is to provide a 
matrix device of the atove type but which enables the use of 
identical driver units having a maximum number of terminals 
per unit surface and able to be coupled to the. signal source 
by a minimum of equipment. 

According to the invention, this object is achieved 
due to the fact that each of said driver units includes 

a plurality of driver circuits each having one of said line 
output terminals and interconnected so as to form a shift 
register, diiS: OExtcol means to diLfi: said iipjt signals thra^ said ^lift 
regaster, and direction means fear oontoDllixg the diiscfcion of g=*in shift . 
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Another characteristic of the present irrvsntion is that ^id input 
signals for saii5 one series of lines being fed from said input signal soorcs to 
a same side of said matrix device through connector terminals. 

By the use of shift registers which are fed from 
5 a same side of the matrix, the number of connector terminals 
required to coupled the signal source to these shift registers 
is reduced. On the other hand, because these shift registers 
are bidirectional they can be fed from a same side of the 
matrix and the driver units can be made identical and arranged 

lO with most of their line output terminals facing a side of the 
matrix. Another advantage of such a driver unit is that, when 
integrated on a chip, output terminals can be arranged on 
the four sides thereof. 

These advantages will be appreciated from the 

15 following cons iderat ions • 

The driver units could be identical if 
so arranged that most of their line output terminals would 
face the matrij< and- the input signals were fed to the shift 
registers from opposite sides of this matrix. However, in 

20 this case the number of connector terminals required would 
increase and, moreover, the input signals would have to be 
shifted through the shift registers in reverse order. -Another 
solution permitting the use of identical driver units would 
be to connect the line output ternLnals of the driver units 

25 arranged at one side of the matrix to corresponding lines 
of this matrix by prolonging ttee lines under these units. 
However, in this case the side of the chip facing the matrix 
can not have terminals so that the total number of terminals 
per unit surface would then be considerably reduced. To be 

30 noted that it is particularly important to have a high number 
of terminals per surface in case the driver unit is integrated 
on a chip as mentioned above. It is possiblie to increase this 
number by increasing the chip dimensions but these are limited 
by the dimensions of the package wherein the chip may have 

35 to be mounted. Moreover, a substantially square chip is preferred 
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since it has a better mechanical resistance. 

It should also be noted that instead of using 
identical driver units it is possible to use "mirror-image" 
driver units. Although a single type of driver unit has a 
more complex design, it has the advantage that it can be 
manufactured, tested and stocked at less cost than two separate 
chips, even though the latter can benefit from a partly common 
design since a mirror symmetry is present. 

The present invention relates alsD to a signal swrbchirig 
circuit enabling controlled complementary couplings between 
first and second terminals and, alternatively betv;een third 
and fourth terminals . 

Such a switching circuit is already known in the 
art and is generally realized by- means of two complementary 
controlled ^switches or gates used for respective ones of the 
two couplings . 

A further object of the invention is to provide 
a switching circuit of the above type but which enables the 
signals transmitted between the first and the second terminals, 
or between the third and the fourth terminals to be memorized 
while remaining of a particularly simple structure. 

According to the invention this object is 
achieved due to the fact that said ^second and fourth terminals 
are interconnected and coupled through a signal memory circuit 
to the common terminal of two gates controlled so as to be in 
complementary conductive states and whose other terminals are 
respectively couoled to said first and third terminals. 

In this way the switching circuit memorizes the 
above signals and is of a very simple structure due to the use 
of only one electronic change-over contact formed by the two 
complementary controlled gates having the common terminal 
mentioned above, and by the common use of the memory circuit 
by the two couplings . 

The present invention further relates to a switchi 
circuit able to selectively couple one out of at least three 
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voltaces at respective input terminals to a common output 
terminal . 

With such a multiple input switching circuit, a 
further object of the present invention is to realize a 
5 connection between one of these input terminals and the common 
output terminal while avoiding short circuits between the 
voltages applied to these input terminals, especially when 
the voltage difference between the terminals is relatively high 
e .g . 300 Volts . 

lO This object is achieved due to the fact that 

first and second circuits coupling respectively the first and 
the second input terminals to said common output terminal 
include at least one DMOS switch device, and that at least one 
third circuit coupling the third input terminal to said common 

15 output terminal includes two DMOS switch devices coupled in 
series oppos it ion . 

Using the source-drain paths of DMOS transistors 
as switch device^ is appropriate because they can withstand 
relatively high voltages such as the 300 Volts mentioned above. 

20 However, such DMOS transistors have a parasitic diode shunting 
their drain-to-source path. If the voltage at the first input 
terminal is the most positive one of the three, the DMOS 
transistor of the first circuit can then be oriented so that 
its parasitic diode is always blocked and has no influence on 

25 the open or closed state of this transistor, Alternatively, 

if the voltage at the second input terminal is the most negative 
one of the three, the DMOS transistor of the second circuit 
can also be oriented so that its parasitic diode is always 
blocked, e.g. the source of the DMOS transistor of one circuit 

30 is connected to the common output terminal together with 
the drain of the DMOS transistor of the other circuit. 

With the voltage at the third input terminal 
having a value between the other two, irrespective of. its 
orientation, the corresponding DMOS transistor in the third 

35 circuit would always have its parasitic diode conductive when 
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their parasitic diodes bacX to baclc solve the problem for 
this third circuit. 
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The above mentioned and other objects and features 
of the invention will become more apparent and the invention 
itself will be best understood by referring to the following 
description of an embodiment taken in conjunction with the 
accompanying drawings in which : 

Fig. 1 is a schematic view of a matrix device or a 
flat panel display FPD, including several driver units FPDR, 
according to the invention; 

Figs. 2 and 3 represent signals generated by such a 
driver unit FPDR and some signal waveforms resulting from the 
combinaticf: of these sicnsls; 

Fia. 4 is a schematic view of such a driver unit 



20 



FPDR; 

Fig. 5 shows direction control circuit RLC of 

15 Fia. 4 in detail; 

Fig. 6 is a block diagram of clock circuit CKC of 

F ig. . 4 ; 

Fig- 7 are signal waveforms generated by this 

clock circuit CKC; 

Fig. 8 shows an interface circuit IC of Fig. 4 in 

detail; 

Fig. S shows a logical device LD of Fig. 4 in detail 
Fig. 10 shows a high voltage device HVD of Fig. 4 

in detail. 

The matrix device or flat panel display FPD shown 
in Fig. 1 includes a liquid crystal display LCD and control 
circuitry mounted around this display. The latter consists 
of a thin film of smectic liquid crystal sandwiched between 
two plates of glass each provided with a set of transparent 
30 conductive stripes represented in heavy lines and forming rows 
and columns of a coordinate matrix respectively. The area 
of the intersection of two such perpendicular row and column 
stripes represents one picture element or pixel and the 
display includes 288,000 such pixels arranged in 400 rows 
35 and 720 columns. This is sufficient to display 2000 alpha- 
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numeric characters each definecl by 9 columns and 16 rows. 

One major advantage of the smectic liquid crystal 
used in this display is its ability to rapidly change the star 
of its pixels . A transparent state is the result of a 
5 . "clearing" operation and an opaque state is the result of a 
"scattering" operation. The change of state of a pijxel, from 
opaque to transparent and vice versa, can be derived directly 
from the drive signals applied to the corresponding crossing 
row and column stripes. The scatter function (create an cpaq*j 
lO pixel ) specifically requires one cycle time of a 50. Hertz 

signal, i.e. 20 milliseconds, and the clear function (create, 
a transparent pixel) requires three cycles of a 1.5 )cilohertz 
signal, i.e. 2 millisecond s » Additional cycles will have no 
significant effect. Another important characteristic of the 
15 smectic liquid crystal material is its voltage threshold, i.e. 
it will not change state until a certain minimum level of 
voltage' is reached. When this level is exceeded on a parti- 
cular pixel, that picture elem.ent will assume the" state indica 
ted by the applied frequency. Near the threshold the liquid 
20 crystal material responds rather slowly. However, when the 
stimulating voltage increases, the response time decreases. 

An unbalanced drive signal should never be used to 
drive a row or column stripe since a long term DC com.ponent 
applied to the liquid crystal material adversely affect per- 
25 formance and life thereof. All these drive waveforms should 
therefore be well balanced, i.e. they should have equal posi- 
tive and negative amplitudes and durations. 

In order to control the visible information of all t 
pixels in a row, first this entire row is scattered to effec- 
30 tively eliminate all visible information and afterwards, to 
display' new information, selected pixels are cleared whilst 
the remaining pixels of that row are left in their scattered 
state. This means that, the scatter function is performed on 
at least one row whilst the clear operation is always done one 
35 row at a time. However, in that one row, only specific indi- 
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vidual pixels are selected to be cleared . 

The scattering waveforms are shown in Fig. 2. Scatter 
of- a pixel is performed by differentially applying thereto one 
cycle of a 50 Hertz square waveform PSC having an amplitude 
5 of 600 Volts peak-to-peak. There are two modes used for 
scattering. According to a first mode the entire panel is 
scattered. This is accomplished by applying square waveforms 
CSC and RSC which are in phase opposition to all column stripes 
and to all row stripes during one cycle respectively. These 

10 waveforms have a peak-to-peak voltage of 300 Volts. More 

particularly during the first half cycle time, a voltage of 
+150 Volts (CSC) is applied to all the column stripes while a 
voltage of -150 Volts (RSC) is applied to all the row stripes 
of the display. The resulting differential voltage' has an 

15 amplitude of 300 Volts (PSC) . During the second half cycle 
time the voltage applied to all the column stripes changes 
to -150 Volts (CSC) while the voltage applied to all the row 
stripes changes to + 150 Volts (RSC) . This creates a down- 
ward voltage step of 300 Volts on the column stripes and an 

20 upward voltage step of 300 Volts on the row stripes and thus 
gives rise to the required differential voltage step of 600 
Volts (PSC) on each pixel. This will effect a scatter of 
all pi>c els . 

According to a second mode of scatter, only selected 
25 rows are scattered. In this case, the voltage waveform CSC 

is applied to all the columns whilst the voltage waveform RSC 
in phase opposition with respect to CSC is only applied to 
the row stripes to be scattered. A square voltage waveform 
RNSC which is the complement of RSC is applied to the other 
30 row stripes. The resultant differential voltage PNSC thus 
applied across all the pixels in these last mentioned rows 
is zero so that no scattering occurs therein. 

The clear function is used to control individual 
pixels and to thereby display visible information. This 
35 operation is performed on selected pixels of a single row 
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which has previously been set to the scattered state and 
consists of differentially applying three cycles of a 1.5 
kilohertz square voltage signal PCL with an amplitude of 360 
Volts peak-to-peak (Fig. 3) . The creation of the differential 
voltage is explained hereinafter. 

To the single selected row stripe three cycles of a 
square "row information" signal called STROBE (Fig, 3) are 
applied, all other row stripes being connected to the ground 
voltage. The signal STROBE has a peak-to-peak voltage of 
BOO Volts. To all column stripes, another square "column 
information" signal CMC or CC (each 60 Volts peak-to-peak) 
having same frequency as the signal STROBE is applied during 
the whole clear operation. The signal CNC is in phase and . 
the signal CC is in phase opposition with respect to the signal 
STROBE, these waveforms being shown in Fig. 3. The signal CC 
is applied to the column stripes whose pixels are to be cleared, 
whilst the signal CNC is applied to the column stripes whose 
pixels are to be left in the scattered state . 

When the signals STROBE and CC are applied to a pixel, 
these signals add and the pixel experiences, differentially, 
the required . clear signal PCL. Thus, that pixel is cleared 
within three cycles. Note that this high level signal PCL is 
applied for only three cycle times to each row in turn, one 
row at a time. 

It should be noted that in a clearing operation the 
voltage threshold characteristic of the liquid crystal material 
as well as the duration of the signals applied should be 
carefully respected.* In order to assure proper access of 
selected pixels only, it is therefore necessary to evaluate the 
residual voltage applied to other pixels which are not to 
be cleared. Three situations must be considered wherein pixels 
must not be cleared. These are : 

1) pixels in the same column as the addressed pixel; 

2) pixels in the same row as the addressed pixel 
5 but not to be cleared; 
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3) pixels neither in the same column nor row as the 

addressed pixel. 
Por the first case, in the same coluu.n. pixels are 
.ted to. the signal CC on the column stripe and to ground 
■ r^a e n .his produces a resulting d.r.eren- 

' Tial signal (60 Volts pea.-to-pea.) which is identical .o 

. signal CC and which ma. .e applied for a long t.me, to the 

Pixels without affecting their previous state. 
p_xels w ^^^^ panels are 

For the secona case, -u , ^ . ■ 

J., __T,.Tr.-, cfcripe and to tne 

s-^biected to the signal C1>.C on -he col- .^r_p 

10 s-tooec.ec This combination procuces 

, ^,T,T,,^QTr r^r, t-he row scripe . ■■■ii — 



J., __T,.Tr.-, cfcripe and to tne 

."biected to the signal CUC on xhe col- -tr_P 

"anal STROBE on th. row stripe. This co^.nat.on prouuoes 

"al'e " ial voltage P.C. ,rig. 3, o. .40 Volts pea.-to-pea. 

Ltos's these pixels: This voltage ..C. cannot .e helc on the 

! ^or a ong period but since no :»ore than three cycles 
p^els .or ong P ^^^^ ^^^^ ^^^^^ ^^^^^ 

5 (2 milliseconds) are app-is" 

„Svclc is not affected. 

^ .or the thira case, where the pixel is neither xn 

,.„e row nor column of the one being cleared, the signal CSC 
Is applied to the column stripe while the " 
This oroduces across ^ne p-».-i 
2o ground. This pr -oolied for an indefinite 

voltace equal to CNC which moy be applied 

^.iod to the pixel without affecting its previous s. = .e. 
" TO be noted that the frequencies (50 Hertz ana 

,.5 .ilohertz, mentioned above are average values^ ^In fact. 
«ure sensing means (not shown) are provided on .he 
" diria to ad the above fre^encies in function of the 

cisplay 3 crystal. Typically these frequen- 

temperature of the lig V ^^^^^^ ^^^^^^^ ^ ^ilohert. 

r rKUrer/f!; the ..dear., and the ..scatter., respectively, 
and "^1°^ „ 1, the above mentioned 

'° t ol circuitry includes a plurality of driver units FPDR and 

"a^ch o ch Lit encomp 30 drivers which are each coupled 

:: a r w or a column stripe. Bach driver unit rPOR is rea i.ed 
as a single chip and each driver thereof is " ^ 

. 1 ^ r^r CC CNC or RSC, RNSC, STROBt. to 
35 above mentioned signals CSC, CC, 
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the associated column or rov; stripe respectively. The 
switching between the positive and negative portions of these 
signals occurs v;ith equal rise and decay times which are less 
than 30 microseconds. When both a row and a column drivers 
are operated the pixel at the crossing of the corresponding 
stripes is brought in an opaque' or transparent state wherein 
it remains until it is again excited in a manner to change 
its state. 

The driver units FPDR are mounted along the sides of 
the disolayLCD and those arranged at one side of the LCD 
control either the even or the odd numbered stripes ending on 
that side, whilst the driver units situated on the opposite 
side control the stripes of the other parity . As mentioned 
above, each driver unit FPDR is able to control 30 stripes and 
because there are 720 column stripes, 12 driver units FPDR 
are disposed along both the top and bottom sides of the LCD. 
Likewise, because there are 400 row stripes, 7 driver units 
FPDR are provided along the right and left sides of this 
display LCD. Along each side of the display LCD, the driver 
units FPDR are connected in cascade so that serial control data 
and information signals may be shited through these cascade 
connections. The flat panel display FPD further has only two 
sets of connector terminals located along two adjacent sides 
of the FPD respectively and the driver units FPDR are all 
identical and have their output terminals, connected to the 
associated stripes, oriented towards these stripes. For these 
reasons, the serial control data and information signals 
mentioned above have to be lifted in one direction in the driver 
units FPDR located along one side of the display LCD while they 
have to be shifted in the other direction in the driver units 
FPDR located along the opposite side of the display LCD. The 
direction of shifting is controlled in each cascade connection 
of driver units FPDR by the shift direction signals LC, RC, 
JJR and RR which are applied to each driver unit FPDR of the 
cascade connections at the top of the columns, at the bottom 
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of the columns, at the left of the rov;s and at the right of 
the rows respectively. The serial control data signals applied 
to the columns stripes are a column clock signal CLKC, a 
column frequency signal FRJSQC, a column not enable signal iNC 
and a column select signal SELC . Since the driver units FPDR 
arranged along the top of tl^e columns are connected to different 
stripes than those arranged along the bottom of these columns, 
additional serial information signals DATALC and DATARC are 
applied to these two cascade connections of driver units FPDR 
respectively. As will be explained more in detail later, these 
last mentioned serial information signals DATALC and DATARC 
associated with the previously mentioned serial control data 
signals are used to generate the above mentioned signals CSC, 
CC and CNC applied to the column stripes of the display LCD. 
Serial control data and information signals similar to those 
applied to the column ' stripes are also applied to the row 
stripes. These control data signals are a row clock signal CLKR, 
a row frequency signal FREQR, a row hot enable signal ENR and a 
row select signal SELR. As for the columns, additional serial 
information signals DATALR and DATARR are used together with 
the previous serial control c^ta signals to <^nerate the above rrentiored sigrsls 
RSC, RNSC and STROBE vhidi are applied to the row stripes cf the disolav LCD. 

A driver circuit FPDR is shown in detail in Fig. 4.. 
It has control terminal D, terminals II to 15 and 01 to 05 
and 30 output terminals 0UT1/30 and includes lO interface 
circuits ICl/10, a clock circuit CKC, a direction control 
circuit RLC, 30 logical devices LD1/30 and 30 high voltage 
devices HVDl/30. Control terminal D is coupled through 
direction control circuit RLC to the internal busses RB and LB 
which control inputs DA, DB of all the interface circuit ICl/10 
as well as inputs RB, LB of all the logic devices LDl/30. 

Terminals II and 01 are connected to terminals AI, BO of LDl 
and terminals AO, BI of LD30 via ICl atid IC6 respectively and 
the pairs of terminals 12, 02; 13, 03 ; 14, 04 and 15, 05 are 
connected to the internal busses SB, FB, EB and CKB via IC2^ 



10 



15 



01 62969 

-13- 

IC7 ; IC3, ICS; IC4, IC9 and ICS, ICIO respectively. The 
busses SB, FB, EB are also oonrectsd TO the like named terminals 
of LD1/30 and the bus CKB is connected to an input of clock 
circuit CKC whose 4 outputs are connected to 4 corresponding 
inputs of LD1/30. The latter devices LDl/30 each have three 
outputs INI to IN3 which are connected to like named inputs 
of HVD1/30 provided with outputs 0UT1/30 respectively. These 
outputs are each connected to a row or column stripe of the 
display LCD. 

The control terminal D of RLC is adapted to receive 
one of the above direction signals LC, RC, LR or RR indicating 
the direction in which the serial signals have to be shifted 
(right or left) into FPDR, as will be explained below. In 
response to such a signal the RLC then provides 2 complementary 
output signals R and L which are applied to the busses RB 
and LB respectively to inform the other circuits of FPDR of 
the shift direction. When an activated direction signal corres- 
TDonding to a shift right is applied to terminal D and when a 
suitable serial information signal DATALC, DATARC, DATALR or DATARR 
is supplied to terminal II from a preceding FPDR, .this 
information signal is transmitted to terminal Ol via the 
series connection of interface circuit ICi, output terminal 
OUTI thereof (as will be described later), the above logical 
' circuits LD1/30 and interface circuit IC6 via the input 
25 terminal INI thereof. From terminal 01, the information signal 
is transmitted to the next FPDR. For a shift left, a similar 
path is followed by the serial information signal but the input 
t erminal of FPDR is then Ol and the output terminal is II the 
information signal being transmitted via output terminal OUTI 
of ICS and input terminal INI of ICl . For each of the other 
interface circuits IC2/5 and IC7/10 of FPDR the input and output 
terminals INI and OUTI are shorted and connected to the busses 
SB, FB, EB and CKB respectively. 

Referring now to Fig. 5, the direction control 
35 circuit RLC is shown therein with more details. This circuit 
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KLC with input terminal D corresponding to the like named 
control terminal D of FPDR and output terminals R and L is 
constituted by a resistor Rl connected to input terminal D 
and to output terminal L via invert er INVl . To the input of 
5 INVl are also connected two clamping diodes Dl and D2 whose 
other ends are connected to a voltage supply terminal VDD 
(+12 Volts) and a ground terminal OV respectively. Moreover, 
a resistor R2 and output terminal R are also connected to the 
input of the inverter IWl, the other end of R2 being connected 

lO to VDD. The input terminal D is permanently connected either 
to the ground teriTiinal OV or left open. Resistor P.l limits 
the possible current flowing through the clamping diodes Dl 
or/and D2 when an undesirable voltage, e.g. static electrici- 
ty, is applied to input terminal D. Vvhen the input terminal 

15 D is connected to ground, output terminals R and L are at 

logical levels O and 1 respectively. On the contrary, when 
input terminal D is open, output terminal R is pulled up to 
logical level 1 by supply terminal VDD and resistor R2, whilst 
output terminal L is then at O , A logical value 1 at output 

20 terminal R indicates a shift right whilst a logical value 1 

at output terminal L indicates a shift left. These values are 
applied to other circuits, of the driver unit FPDR via. the 
corresponding internal busses RB and LB, as already mentioned. 
Fig . 6 shows the clock circuit CKC having input 

25 terminal CKB connected to the like named internal clock bus 
CKB and having output terminals jZSl, 01, 02 and 02 providing 
like named clock signals respectively. CKC includes a NOR 
gate NORl which has its inputs connected to the terminals CKB 
and 01, and another NOR gate NOR2 with its inputs connected 

30 to terminal 02 and to terminal CKB via an inverter I1TV2 . The 
output of NORl is connected to 02 via the series connection of 
inverters INV3 and INV4 and to 02 via the series connection 
of inverters INV5 to INV7 . The output of N0R2 is connected 
to 01 via the series connection of inverters INV8 and INV9 

35 and to 01 via the series connection of inverters rNVlO to 
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It5Vl2 . 

Fig. 7 shows the input clock signal CKB which is 
either the column clock signal CLKC or the row clock signal 
CLKR, as mentioned above^ and also shows the output clock 
5 signals 01, 0^. 02 and 02.. The input clock signal CKB is a 
square wave applied to • the like named input terminal CKB of 
clock circuit CKC via the input terminal 15 or 05, the corres- 
ponding interface circuitries orJ^ClO and the internal clock 
bus CKB. output- signals 01 and 02 are the respective comple- 
-,0 ments of 01 and 02. Due to the cascade connections of the 

inverters of CKC, signals 01 and 02 are rectang^ular waves with 
positive portions smaller than the negative ones and the 
positive portions of signal 01 occar in the middle of the 
negative portions of signal 02 and vice versa. 
^5 one of the above interface circuits IC 1/10 is repre- 

sented in Fig. 8 and indicated by IC . It has bond pad terminal 
BP connected to terminals 11/5 or 01/5, input and output 
terminals INI and OUTI respectively and control terminals DA ana 
DB.' The latter terminals DA and DB are controlled by the 
20 direction control circuit RLC via the internal busses RB and 
LB The circuit IC has also a voltage supply terminal VDD 
(+12 volts) and a ground terminal' OV. Terminal BP is connected 
to the junction point of the series connected source-to-drain 
and drain-to-source path of llOS transistors PMl and NMl 
25 respectively, the source electrode of P.va being connected to. 
voltage supply terminal VDD and the source electrode of NMl 
being grounded. The gate electrodes of these transistors PMl 
and mi are respectively connected to the output of a NOR gate 
N0R3 and to the output of a HAND gate NANDl each via an 
30 inverter INV13 and INV14 respectively. One input of N0R3 xs 
connected to control terminal DA and one input of NANDl xs 
connected to control terminal DB, whilst input terminal INI xs 
connected to the other inputs of N0R2 and of NANDl via inverter 
INV15 . Terminal BP is also connected to an input of another 
35 NAND gate NAND2 and to an input of another NOR gate NOR4 . The 
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other inputs of NAND2 and of N0R4 are respectively connected 

to the control terminals DA and DB, whilst the outputs of these 

gates l<iAlsrD2 and N0R4 are connected to the gate electrodes of 

MOS transistors PM2 and NM2 respectively. As for P^a and 
NKl, the source-to-drain path of PM2 is connected in series 
with the drain-to-source path -of NM2 and the source electrode of 
PM2 is connected to supply terminal VDD whilst the source elec- 
trode of NH2 is grounded. Moreover, output terminal OUTI is 
connected to the junrtion point of PM2 and NM2 . 

If data have to be shifted from terminal BP to 
output terminal OUTI, a logical value 1 must be applied to 
control terminal DA and a logical value O must be applied 
to control terminal DB of IC . This corresponds to a shift 
riaht (R = 1, L = O) for the interface circuits ICl to ICS 
and to a shift left (R = 0, L = 1) for the interface circuits IC6 
to ICIO. In the above conditions (DA = 1, DB = O) , a logical 
value 1 is always applied to one input of N0R3 whilst a logical 
value O is always applied to one input of NANDl . This means 
that the output of NOR3 and NANDl are at O and at 1 respec- 
tivelv so that a logical value 1 is applied to the gate 
electrode of transistor PMl and a logicalvalue O is applied to 
the gate electrode of trans istor ' NMl . These latter transis- 
tors PMl and NMl are then both blocked and input terminal INI 
is disconnected from terminal BP. Furthermore, in the same 
conditions as above, a logical value 1 applied to terminal 
BP provides a-. O at the outputs of NAiID2 and N0R4 so that PM2 
conducts and that NM2 is blocked. This generates a logical 
value 1 corresponding to supply voltage VDD at the output 
terminal OUTI. On the contrary, a logical value O applied 
to terminal BP causes a 1 at the outputs of NAiro2 and NOR4 
so that PM2 is blocked and NM2 is conductive which results 
in a logical value O or ground being applied to output terminal 
OUTI. A similar operation occurs when logical values O and 1 
are applied to the control terminals DA and DB respectively. 
The transistors PM2 and NM2 are then blocked so that the output 
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terminal OUTI is disconnected from terminal BP and that the 
logical value applied to the input terminal INI generates an 
identical logical value at terminal 3P . Owing to the MOS 
transistors PMl, NMl and PM2, NM2 the input signals applied 
to the terminals BP or INI of this interface circuit IC are 

reshaped at the output. 

Moreover, due to the"' large area of bond pad terminal 
BP and to the connection wires, a large capacitance (not shown) 
appears between the terminal BP and the ground OV . This 
capacitance vill be .charged and discharged through the output 
resistance (not shown) of the MOS transistors PMl and NMl 
respectively. To reduce the effect of this capacitance, 
especially at high frequencies, the above mentioned output 
resistances have to be minimized. To do so, the dimensions 
of the MOS transistors PMl and NMl are increased and as a 
consequence the gate capacitance of these latter transistors 
is also increased. For the same reasons as above. 



the output resistance 

(not shown) of the transistors connected to these gates must 
be reduced. Since an inverter circuit contains less transistors 
than a logical gate (NAND or NOR), it is easier to realize a 
small output resistance for an inverter circuit. Therefore, 
inverters IKVIS and IN^/14 having a small output resistance 
are placed between the output of the logical gates NOR3 
and NANDl and the gates of the MOS transistors PMl and NMl 
respectively. On the other side of the interface circuit IC, 
a capacitance (not shown) appears also between the terminal 
OUTI and the ground OV . However, this latter capacitance 
has a smaller value than the one at terminal BP. Therefore, 
the MOS transistors PM2 and NM2 are smaller than the MOS 
transistors PMl and NMl, and the output resistances (not shown) 
coupled to the gate capacitances (not shown) of the transis- 
tors PM2 and NM2 are minimized in the logical gates NAND2 and 
NOR4 respectively so that no inverters are used for this 
part of the interface circuit IC . 
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One of the logical devices LDl/30 of Fig. 4 is repre- 
sented in detail in Fig. 9 and inciciited as LD . It has 
control terminals LB, RB, EE, F3 and SB connected to the 
like named internal busses of the driver unit FPDR respectively 
5 and has output terminals INI, IN2 and IN3 respectively connec- 
ted to like named input terminals of a high voltage device HVD, 
as will be described later. Logical deviceJLD is also connec- 
ted to the clock circuit CKC via terriinafe 02 , p2 and 01 and 01 
carrying respective like named clock signals. As mentioned 
-_0 above the 30 logical devices LD1/3C zf a driver unit FPDR are 

connected in cascade, each logical device LD having information 
terminals .^I. 30 and AO, HI among v;hich the terminals AI and BO 
of a logical device LD are connected to the terminals AO and 
BI of the next logical device LD respectively. Logical device 
15 LD includes passing gates PGl to PG7 each constituted by a 

NMOS transistor and a PMOS transistor (schematically represented 
vith a small circle on its gate electrode) whose source and 
•. drain electrodes are interconnected and whose gate electrodes 
are controlled by complementary control signals as described 
20 below. 

■1 T.X ^-c - ir^Ticsi -^evice LD is connected 
Terminal AI oj. <=■ iogicc_ -evx^- ±^ 

to terminal BI of this same logical device 1^ via the series 

connection of two oppositely connected passing gates PGl ana 

PG2 each controlled by complementary direction signals 

25 applied to the control terminals LB and RB . ' The junction point 
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of these passing gates PGl and PG2 is connected to both 
terminals BO and AO of via the series connection of passing 

gate PG3 controlled by the complementary clock signals 01 ana 
0i inverter INV16. passing_gate PG4 controlled by the complemen- 
tary clock signals 02 and 02 and another inverter INV17 . Fur- 
thermore, an inverter INV18 has its input connected to the 
outout of inverter INV16 and its output connected to the xnput 
of Inverter INV16 via passing gate PG5 controlled by the clock 
=Hanals 02 and W- The output of PG3 is also connected to 
one inr^ut of a NAI^D gate ]>;AND3 via passing gate PG6 which 
L controlled by complementary signals applied to it via 
control terminal EB directly and through an inverter IN-/19 
Respectively. The output of PG6 is also connected to the 
^nout of inverter INV20 which is connected in series with 
inverter INV21 and to the output of passing gate PG7 whose 
input is connected to the output of inverter I2s-V21 and which 
is' controlled by signals which are the complement of those 
control ina PG7 . The above input of NAb^B which is also the 
output of passing gate PG6, and control terminal FB are the 
two inputs of an Exclusive NOR gate XIHl. The output of XNR 
i= connected to one input of an AND gate AKDl directly ana 
to one input of another AND gate AND2 via inverter INV22 . Tne 
Ithe- inputs of ANDl and AND2 are both connected to output 
terminal IN3 which constitutes the output of a AND gate AND3 . 
• The two inputs of AND3 are the output of 1<IAND3 and the output 
of INV19, whilst the second input of NAND3 is connected to 
the control terminal SB. Output terminal INI is constituted 
by the output of AND2 and output terminal IN2 is constituted 

by the output of ANDl - 

.A logical value 1 applied to control terminal RB, 
° i e in case of a shift right operation, and consequently a 
logical value O applied to control terminal LB, close 
passing gate PGl and open PG2 . The input terminal for the 
above mentioned serial information signal DATALC DATARC, 
S DATALR or DATARR of the logical device X. is then AX and the 
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outout terminal is AO. In this case the input terminal of 
the* driver unit FPDR (Fig. 4) is II and its output terminal 
■ is Ol so that the serial information signal applied to II is 
thus transmitted to Ol via the series connection of interface 
5 circuit ICl, its output terminal OUTI, terminal AI of LDl 

to terminal AO of LD30, input terminal INI of IC6 and interface 
circuit IC6 itself. On the contrary, when a logical value 
1 is applied to control terminal LB, i.e. in case of a shift 
left operation, and cons ecguently a O is applied to control 
lO terminal RB, the passing gate PGl is opened and PG2 is closed. 
The input terminal of LD for the above serial information 
signal" is then BI and the corresponding output terminal is BO. 
In the same vay as described above, for the driver unit FPDR, 
the information signal is transmitted through IC6 and ICl 
15 but the input terminal is now Ol whilst the output terminal 
is II. in IC6 and ICl this signal is transmitted via output 
terminal OUTI and input terminal INI respectively. As 
described above, in case of a shift right operation (RB = 1, 
LB = O), passing gate PGl is closed and passing gate PG2^ is 
20 open so that an information signal applied to input terminal 
BI cannot be transmitted further into the logical device LD 
to terminal BO. On the contrary, an information signal applied 
to the input terminal AI is transmitted to terminal AO. 
■ indeed, it is first applied to the input of inverter INV16 at 
25 the first occurrence of a positive pulse of clock signal 01. 
Afterwards, when clock signal 02 goes high, so that .passing 
gates PG4 and PG5 are closed, it is shifted to output terminal 
AO via inverter INV17 . This signal is also again applied to 
inverter INV16 via the feedback inverter INV18 and passing gate 
30 PG5. Because of the high output capacitance (not shown) of 
inverters INV16 and INV18 a latching of the signal takes 
place therein. Alternatively, for a shift left operation 
(RB = O, LB = 1), the information signal is handled in the 
same way but, as mentioned above, the input terminal is then 
35 BI and the output terminal is BO . 
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The values of the output signals INI, IN2 and IN3 
at the respective like named terminals INI, IN2 and INS are 
dependent on the information signal DATALC/R or DATARC/R 
(Fig. 1) applied to terminal AI or BI (for th e shi ft right or . 
5 left) and on the control signals : not enable ENC/R (Fig. 1) 
applied to terminal EB, select SELC/R (Fig. 1) applied to 
terminal SB and frequency FREQC/R (Fig. 1) applied to terminal 
FB, as will "be described below. 

As long as the not enable signal ENC/R is at logical 
lO level 1, passing gate ?G6 is closed and the serial information 
signals transmitted between AI and AO or between BI and BO 
also appear at the output of PG5 . However, these signals are 
not validated by the control signals FB and S3 and are t.hus not 
generating valid output signals at the output terminals INI to 
15 IN3. Indeed, because ENC/R is on 1 the output ox INV19 is at 
O so that the outputs of AND3 and therefore also those of ANTJl 

and AND2 are on O. 

On the negative going edge of the not enable signal 
ENC/R , passing gate P.G6 opens and passing gate PG7 closes and 
20 the last iribrmation signal at the output of PG6 is latched in 
the circuit comprising inverters INV20 and INV21 and passing 
gate PG7, due to the high output capacitances (not shown) of these 
inverter's. In this case the output signal IN3 is at O only 
when the select signal SELC/R at terminal SB and the information 
25 signal latched in INV20 and INV21 are both at logical value 1. 

For the other values of the signal SELC/R and the 
information signal, the values of the signals INI and IN2 
may be represented by the follo wing Boolean functions : 
INI = IN3 . (DATA .FREQC/R + DATA .FREQ C/R) 
30 and IN2 = IN3 . (DATA .FREQC/R + DATA .FREQC/R) 

where DATA is either one of the information signals DATALC/R or 
DATARC/R. consequently the signals INI and IN2 are both at O 
when IN3 is at O. Alternatively, when IN3 is at 1, the 
signals INI and IN2 are only dependent of the above signals 
35 DATA and FREQC/R and of their respective complements. 
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The values of the signals INI, IN2 and IN3 in 
' function of ENC/R, SELC/R, FREQC/R and DATA are summarized 
in the following table : 



ENC/R 


SELC/R 


DATA 


INI 


IN2 


IN 3 


1 


X 


X 


Q 


0 


0 


0 


1 


1 


O 


O 


0 


O 


o 


0 


FREQC/R 


FREQC/R 


1 


0 


o 


1 


FREQC/R 


FREQC/R 


1 


0 


1 


o 


. FREQC/R 


FREQC/R 


1 



lO 

vhere X means "don't care". 

The meaning of the values indicated in the previous 
table will become clear from the following description of a 
high voltage device HVD wherefore reference is made to Fig. lO . 

15 This high voltage device HVD represents either one of the 30 
high voltage devices HVD1/30 of FPDR represented in Fig. 4. 
It. has input terminals INI, IN2 and IN3 connected to the 
like named output terminals of the logical device LD respec- 
tively as well as voltage supply terminals VDD (+12 Volts), 

2o -i-Vl, -V2, +V3 and ground terminal OV . HVD also has output 
terminal OUT connected to a like named terminal of a stripe 
(row or column) of the display LCD. The voltages applied to 
the terminals +V1, -V2 and +V3 are +150 Volts,- -150 Volts and 
+170 Volts or +30 Volts, -30 Volts and +50 Volts depending on 

25 the kind of stripe (row or column) connected to terminal OUT 
and on the operation (scatter or clear) to be performed on 
that stripe, as described previously. A stripe connected to 
HVD is represented in Fig. lO by its equivalent circuit LCDE 
which comprises the series connection between the HVD terminal 

30 OUT and ground OV,. of a resistor R3 and a resistor R4 in 
parallel with a capacitor CI. 

The high voltage device HVD comprises three circuits 
HVl, HV2 and HV3 among which HVl and HV2 are identical. 
Therefore, only HVl and HV3 will be described in detail herein- 

35 after. 
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Circuit HVl has an input terminal TI and further 
terminals Tl, T2, T3 and T4 . It includes a high voltage PN? 
transi-itor Pi whose base electrode is connected to the junction 
point of resistors R5 and R6 which are branched in series 
5 betv;een VDD and input terminal Tl . The emitter electrode of 
transistor Pi is directly connected to VDD and its collector 
electrode is connected to the gate electrode of a high voltage 
NMOS transistor NM3 as well as to terminal Tl via resistor R7 . 
Furthermore, the source electrode of transistor NM3 is directly 
lO connected to supply terminal -V2 , whilst its drain electrode 
is connected to terminal T2 via resistor ?.8 and to the gate 
electrode of a second high voltage NMOS output transistor Jsl^A . 
The drain electrode of the latter transistor N>'i4 is directly 
connected to terminal T3 and its source electrode is connected 
15 to terminal T4 . For the circuit HVl, input terminal TI is 

connected to input terminal INI of HVD, terminal T3 is connec- 
ted to suoply terminal ■^V1 and terminal T4 is connected to 
output terminal OUT of HVD . Alternatively, the input terminal 
TI of circuit HV2 is connected to input terminal IN2 of KVD 
20 and the terminals T3 and T4 of HV2 are connected to output 
terminal OUT and supply terminal -V2 respectively. More- 
over, the terminals Tl and T2 of the tv70 circuits KVl and HV2 
are connected to respective like named terminals Tl and T2 of 
circuit KVD3 described below. 
25 The circuit HV3 has input terminal IN3 corresponding 

to the like named input terminal of HVD . HV3 includes a NMOS 
transistor NM5 whose gate electrode is directly connected to 
terminal IN3, whose source electrode is connected to terminal 
OV and which has its drain e lectrode connected to the base 
30 electrode of a high voltage PNP transistor P2 via resistor R9 . 
The emitter electrode of transistor P2 is connected to terminal 
-hV3 and to its own base electrode via biasing resistor RIO. 
The collector electrode of transistor P2 is connected to the 
gate electrode of a high voltage NMOS transistor NM6 and to 
35 terminal T2 . The source electrode of transistor NM6 is connected 
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to terminal -V2, whilst terminal Tl is connected to the drain 
electrode cf NM6 via a clamping diode D3 . Terminal -fVl is 
also connected via resistor Rll to the junction point of the 
drain electrode of transistor NM6, the cathode of diode D3 and 
5 to the gate electrodes of a pair of high voltage NMOS output 
transistors NM7 and NM8 whose source electrodes are inter- . 
connected . The drain electrode of output transistor NM7 is 
connected to terminal OV and the drain electrode of output 
transistor NM8 is connected to terminal OUT of KVD . 

lO "^^s functionning of the high volt age device HVD will 

be described hereinafter. As mentioned above, the purpose of 
this device is to provide at its output terminal OUT signals 
such as CSC, CC, CNC, RSC, RNSC or STROBE depending on the 
kind of stripe (row or column) to which terminal OUT is connec— 

15 ted and also in function of the required operation (scatter or 
clear) . The voltages. +Vl and -V2 may be applied to terminal 
OUT via ^the output transistors NM4 of the circuits HVl and 
HV2, whilst the ground voltage OV may be applied to this output 
terminal OUT via the pair of output transistors NM7 and NM8, 

20 as will be explained below. The selection of the supply voltage 
which has to be applied to the output terminal OUT is a result 
of the logical values applied to the input terminals INI to 
IN3 . Of course, transient short circuits between these supply 
voltages must necessarily be avoided, e.g. the two output 

25 transistors NM4 of the respective circuits HVl and HV2 may never 
be both conductive since otherwise the voltages H-Vl and -V2 
would be shorted. The san^ is true for the combination of 
the pair of output transistors NM7, NM8 with each of the above 
output transistors NM4 . To avoid such short circuits, the 

30 circuits HVl/3 are designed to block the output transistors NM4 ; 
NM7, NM8 faster than to make them conductive. To achieve this, 
the NMOS transistors NM4 ; NM7 and NM8 of the high voltage device 
HVD have a high gate capacitance (not shown) and to make them 
conductive their gate electrode is connected to a respective 

35 supply terminal +V3 ; +V1 via a high ohmic resistor R8; Rll 
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(R8 = Rll = 40 megohm£> More particularly, each of these KMOS 
transistors are slowly made conductive by charging its high 
gate capacitance towards a positive voltage via the associated 
high ohmic resistor. On the contrary, the blocking of each 
5 of these NMOS transistors NM4 ; NM7 and NM3 is produced more 
rapidly by the connection of its gate electrode to the supply 
terminal -V2 via the drain-to-source path of transistor ; 
NM6 which is then made conductive. 

The three possible states of the high voltage device 
lO H\'D indicated by the voltages at its output" terminal OUT and 
corresponding respectively to various combinations of logical 
values apclied to the input terminals INI to IN3 are analyzed 
in detail r.ereinaf ter . In the two first states a logical value 
1 is applied to inpjt terminal INS and logical values 1 and O 
15 are applied to input terminals INl/2 and IN2/1 respectively, 
in a third state the logical value at the input terminal IN3 
is equal to zero and, consequently, also the other input 
terminals INI and IN2 are at zero. 

Logical values O at all the input terminals INI to 
20 IN3 cause the output transistor NM4 of circuits HVl and HV2 
to be blocked and the pair of output transistor NM7, NMS to 
be conductive so that the ground voltage OV is then applied 
to the output terminal OUT. Alternatively, a logical value 1 
applied to' one of the input terminals INI or IN2 causes the 
25 operation of the corresponding output transistor NM4 . Since 
in these conditions, input terminal INS must be at logical 
value 1 as described before, the pair of output transistors NM7, 
NMS is blocked so that the ground voltage is disconnected from 
the output terminal OUT. As a result, the supply voltage +V1 
30 or -V2 from the like named supply terminal, to which the above 
operating output transistor NM4 is connected, is applied to the 
output terminal OUT. A scenario comprising the succession of 
the following logical values 1, O, 1 and O, 1, 1 at the 
respective input terminals INl, IN2, INS will provide at the 
35 output terminal OUT of HVD the succession of voltages +V1 and 
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-V2 respectively- The latter succession of output voltages 
corresponds to one cycle of a signal such as CSC, CC, CMC, 
RSC, PJJSC or STROBE mentioned above, as follows from Figs. 2 
and 3 . 

5 The above mentioned two first states of the high 

voltage device HVD correspond always to a logical value 1 
applied to input terminal 1N3 and to complementary logical 
values applied to the input terminals INl and IN2 respectively. 
A logical value 1 at input terminal INl and a logical value O 

10 at input terminal IN2 cause the vol-tage -rVl to be applied to 
output terminal OUT v/hilst the logical values O and 1 applied 
to the input terminals INl and 1N2 respectively cause the 
voltage -V2 to -be applied to output terminal OUT. These two 
combinations of input signals are symmetrical due to the fact 

15 that the circuits HVl and HV2 are identical. Tfeirefore, only 
one of them, say INl at 1 and IN2 at O will be explained in 
detail hereinafter. 

Since a logical value 1 corresponding to the supply 
voltage VDD, i.e. +12 Volts, is applied to input terminal INS, 

20 transistor NM5 of circuit HV3 conducts so that transistor P2 
also conducts. As a result, the positive voltage -rV3 is 
applied to the gate electrode of transistor NM6 and to terminal 
T2 via the emitter-to-collector path of conductive transistor 
P2 so that transistor NM6 also becomes conductive. Afterwards, 

25 the negative voltage -V2 is applied to terminal Tl via diode D3 
and the drain-to-source path of conductive transistor NM5 and 
this voltage -V2 is also applied to the gate electrodes of 
the pair of output transistors NM7 and NM8 in order to block 
them . 

30 To be noted that, because transistors 2<rM7 and NM8 

are DMOS transistors, a parasitic diode (not shown) is coupled 
across their source and drain electrodes, this diode being in- 
herent to the construction of these transistors.' Such a 
parasitic diode has its cathode electrode connected to the drain 

35 electrode of the DMOS transistor whilst the anode electrode of 
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the diode is connected to the source electrode of the transistor. 
Since either a positive voltage up to +150 Volts or a negative 
voltage dov/n to -150 Volts may be applied to the output terminal 
OUT by the circuits HVl and HV2, these voltages also appear at 
5 the drain electrode of transistor NM8 since this electrode is 
connected .to terminal OUT. Considering only transistor NM8 
instead of the pair of transistors NM7, NiM8, e.g. by shorting 
the source electrode of transistor NM8 to ground terminal OV, 
a negative voltage at the drain electrode of this transistor 
10 NM8 (e.g. -150 Volts) v;ill be grounded via then conductive 

-^^^asitic diode of this transis-or NMS . This happens ir.deps nde nt - 
Iv of the state (conductive or blocked) of transistor ITbiS . For 
the same reasons, if transistor NM7 is considered alone, e.g. . 
by shorting the drain-to-source path of transistor NM8, a 
15 positive voltage at the terminal OUT (e.g. -h 150 Volts) will be 
grounded via the parasitic diode of this transistor NM7 . 
From the above it follows that the transistors NM7 and NMS 
have to be coupled in series opposition to effectively disconnect 
the output terminal OUT' from the ground terminal OV when a 
20 negative voltage is applied to the gate electrodes of this pair 
of transistors NM7, NMS in order to block them. 

In the circuit HV2, transistor Pi conducts due to 
■the logical value C applied to input terminal IN2 , Supply 
voltage VDD is thus applied to the gate electrode of transistor 
25 NM3 via the emitter-to-collector path of conductive transistor 

PI. Since the source electrode of transistor NM3 is connected to 
terminal -V2 and its drain electrode is connected to terminal 
4-V3 via the emitter-to-collector path of transistor P2, terminal 
T2 and resistor R8, . transistor NM3 becomes conductive. The 
30 negative voltage -V2 is then applied to the gate electrode of 
output transistor NM4 of circuit HV2 via the drain-to-source 
path of conductive transistor NMS. As a consequence transistor 
NM4 of circuit HV2 blocks immediately, thus disconnecting terminal 
T4 which is also the supply terrainal -V2 from output terminal 
35 OUT. 



01 62969 

-28- 

Inout terminal INI being at logical value 1, i.e. +12 Volts, 
transistor Pi of circuit HVl is blocked so that the gate elec- 
trode of NMOS transistor NM3 of circuit HVl is disconnected 
from supply terminal VDD to which it was previously connected 
via the emitter-to-collector path of t r ans ist or ' Pi . Because 
transistor NM3 has a high g^te capacitance, the latter dis- 
charges slowly to the voltage -V2 via high ohmic resistor Pv7 
until this transistor NM3 blocks. At that moment the gate 
electrode of output transistor NM4 is disconnected from supply 
terminal -V2 and the high gate capacitance of this transistor 
NM4 is slov/ly charged to the positive voltage +V3 supplied 
thereto via the emitter-to-collector path of transistor P2, 
terminal T2 and resistor R8. After a while, output transistor 
NM4 of circuit EVl becomes conductive and applies the supply 
voltage -fVl to the output terminal OUT via its drain-to-source 
path . 

To be noted that the voltage -fV3 is always equal 
to the voltage -J-Vl increased by about 20 Volts and for 
this reason the voltage +V3 at the gate electrode of conductive 
outout transistor NM4 of circuit HVl is always higher than the 
voltage +V1 at its source electrode so that transistor NM4 
remains conductive. 

In the third state of HVD, i.e. when the three 
input signals INI to IN3 all have logical value O, transistor 
NM5 of circuit KV3 is blocked, thereby preventing any current 
flow through resistors R9 and RIO so that transistor P2 
blocks. As a consequence and due to the fact that transistor 
NM6 has also a high gate capacitance, the voltage at the gate 
electrode of this transistor NM6 which was previously connected 
to supply terminal +V3 via transistor P2 decreases slowly. 
Before transistor NM6 is blocked, terminal Tl is connected 
to terminal -V2 via diode D3 and the drain-to-source path of 
this transistor NM6 in series, whilst the positive voltage +V3 
is available at the terminal T2 because of the previous 
charge of the gate capacitance of transistor NM6 . 



lO 
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in both the circuits HVl and HV2 the O Volt at 
their terminal TI causes transistor Pi to conduct so that the 
gate electrode- of transistor .M3 is brought at the pos.txve 
voltage VDD via the emitter-to-collector path of transistor 
AS a result, transistor NM3 conducts immediately, providing 
via its d^ain-to-source path the negative voltage -V2 at the 
gate electrode of output transistor NM4 . The latter output 
transistor NM4 therefore blocks immediately. The previous 
supply voltage .Vl or -V2 which was applied to the output 
terminal OUT via the drain-to-source path of transxstor ^4 
of either HVl or HW2 is then disconnected from this outpur 



15 



20 



25 



30 



terminal OUT. Moreover, the voltage -V2 is also apol.eO .o^^ 
the aate electrodes of the paxr of output DMOS transistors .u. . 
NM8 via the drain-to-source path of transistor NM6 . Thxs 



35 



negative voltace (-V2) blocks NK7, NMB and the above men..one= 
parasitic aio=a= associated to these transistor, and coupXea 
in series ooposition inhibit any flo« of current in both ^ 
directions between the output terminal OUT and the grouno 
term inal OV. 

- At ,„oment, output terminal OUT is temporarily ^ 

disconnected from any of the supply terminal .VI, -V2 and grounc 
terminal OV. Since the gate electrode of transistor 
is disconnected from terminal -.73 due to the blocked trans-s 
tor P2. the voltage at this gate electrode decreases slov-i 
until transistor «M6 blocks. The voltage at the dra.n 
trode of blocked transistor m6, disconnected from terminal 
becomes slowly equal to -.vl due to the charging of the gate 
capacitances o£ the output transistors m7 and NM8 via^ 
resistor Kll. This voltage «1 is not applied to terminal 
because of the blocking diode D3 . The output terminal OUT 
is than connected to ground terminal OV. Indeed, if the 
positive voltage .VI was previously applied to terminal OUT, 
the latter is shorted to ground terminal OV via the drain- 
to-source path of conducting transistor HM8 in series with 
the operating parasitic diode of transistor NM7. on the 
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contrary, if the negative voltage -V2 vas previously present 
at terminal OUT, the latter is shorted to terminal OV via the 
drain-to-source path of transistor NM7 in series v;ith the 
parasitic diode of transistor 

Because of the above mentioned disconnection of 
terminal Tl from a supply terminal, due to the blocking diode 
D3, transistors Pi of both the circuits HVl and Erv2 block. 
Furthermore, terminal T2 being also disconnected from its' 
supply terminal -fVS because transistor P2 is blocked, no 
current flows through transistor NM3 of both the circuits HVl 
and fr/2, while transistor NM4 remains blocked. Exclucinc the 
leakage currents in the transistors in this state, the onlv 
currents in the high voltage device HVD flow from sudoIv 
terminal VDD to input terminals INI and IN2 through high ohmic 
resistors R5 and R6 of both the circuits EVl and KV2 . So, the 
power consumption in the high voltage device HVD at. rest, i,e. 
when INI = IN2 = INS = o, is reduced to a minimum and the 
ground voltage OV is applied to the output terminal OUT, 
As mentioned above, all the signals : CSC, RSC, 
RNSC (300 Volts peak-to-peak, 50 Hertz); CC," CNC (60 Volts 
peak-to-peak, 1.5 kilohertz) and STROBE (300 Volts peak-to- 
peak, 1.5 kilohertz) applied to corresponding line stripes 
(colum.ns or rows) are supplied thereto by the outout terminals 
OUT of the driver units FPDR. The voltages -rl50 Volts, +30 
Volts and -150 Volts, -30 Volts at the output terminals OUT 
are supplied by the voltage supply terminals +V1 and -V2 res- 
pectively of each high voltage device HVD of the driver units 
FPDR. These voltages are applied to the output terminal OUT 
of each HVD under the control of the logical values INI to INS 
of the signals at the like named input terminals INI to IN3 
applied thereto via the output terminals INI to IN3 of logical 
device LD . These logical values INI to IN3 are themselves con- 
trolled by the frequency signal FRJEQC or FREQR, the selection 
signal SELC or SELR and the serial information signal DATALC/R 
or DATARC/R latched by the inverters rNV20 and INV21 in the 
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logical device LD v/hen the corresponding not enable signal 

ENC or ENR is low. 

The operations of the display LCD are suirmarized 

in the following table : 

PIXEL 



SELR 


DATAR 


SELC 


DATAC 


OPERATION 


SIGNAL 


O 


0 


O 


1 


scattering 


?SC 


0 


1 


0 


1 


no scattering 


PNSC 


1 


0 


0 


0 


no clearing 


?NCL 


1 


o 


0 


1 


clearing 




1 


1 


0 


0 


row not 
addressed 


CNC 


1 


1 


0 


1 


row not 
addressed 


CC 



o 

X 



X 
X 



o 
1 



0 
X 



not usee 
not used 



where DATAR is either DATALR or DATARR, DATAC is either DATALC 
or DATARC and where X means "don''.t care". 

In the previous table it is assumed that the not 
enable signals ii3 and are at logical value zero and that 

suitable frequency signals FREQC/R of 50 Hertz and 1.5 kilo- 
hertz are used for the- scattering and the clearing respectively 
Furthermore it is obvious that suitable supply voltages are 
applied to the supply terminals +V1, -V2 and +V3 of the high 
voltage devices HVD . It appears clearly from this table that 
the scatter operation is a result of a logical value 1 applied 
as information signal DATAC to the column stripes and of a 
logical value O used as selection signal for both SELC and 
SELR. Since "the scatter operation may be performed for the 
complete display or for only selected rows, the rows to be 
scattered have a logical value O as information signal DATAR 
while the rows which are not to be scattered have a logical 
value 1 as information signal DATAR, the resulting signal at 
the corresponding pi-xels being PSC and PNSC respectively. 
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For the clear operation, the rov/ selection signal SELR is 
always at logical value 1 vhile the column selection signal 
g^^^ still at O. The clearing being performed one row at 
a time, the selected row has its information signal" DATAR at 
logical value O and the associated columns are either at O 
or at 1 corresponding to the" not clearing PNCL or to the 
clearing PCL of the pixel respectively. The remaining rows 
i.e. those which are not addressed receive a logical value 1 
as information signal DATAR. As mentioned above, the signals 
on the pixels of these rows (not addressed) ' are' CNC or CC in 
f'jnctior. of the ir.f ormat icr. signal D.-.TAC on the correspondin 
column. The other possible combinations of signals are not 
used in the present eirbodiment . To be noted also that an 
active operation such as scattering or clearing is only per- 
formed when a logical value O is applied to a row stripe as 
information signal DATAR together with a logical value, 1 
applied to a column stripe as information signal DATAC . 

VThile the principles of the invention have been 
• described above in connection with specific apparatus, it is 
to be clearly understood that this description is made only 
by way of example and not as a limitation on the scope of 
the invention. 
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CLAIMS 

1. Matrix: device (FPD) with a coordinate matrix (LCD) 
and an associated control device, said coordinate matrix in- 
cludinc a plurality of series of crossing electrical lines 
(rows, columns) defining crosspoints, said control device 
5 including a plurality of driver units (FPDR) arranged along 

different sices of said coordinate matrix and having line' out- 
put terminals (OUTl/30) coupled to distinct ones of the lines 
of at least one of said series, and said control device 
including also an input signal source coupled to said driver 
10 units and adapted to supply input signals (DATALC/R, DATARC/R, 

CLKC/R, FREQC/R, ENC/R, SELC/R) to said driver units, characte- 
rized in that each of said driver units (FPDR) includes a 
plurality of driver circuits (UD, HVD) each having one of said 
line outDut terminals (OUTl/30) and interconnected so as to form 
15 a shift register, shift control means (CKC) to shift said 

input signals (DATALC/R, DATARC/R) through said shift register, 
and direction control means (RLC) for controlling the direction 
of said shift . 

2 - Matrix device according to claim 1, characterized 
20 in that said input signals (DATALC/R, DATARC/R, CLKC/R, FREQC/R, 
ENC/R, SELC/R) for said one series of lines being fed from 
said input signal source to a same side of sad matrix device 
(FPD) through connector terminals. 

3. Matrix device according to claim 1, characterized 
25 in that said line output terminals (OUTl/30) coupled to two 

immediately adjacent lines of at least one of said series are 
connected at different sides of said coordinate mafcri^c (LCD) respectively- 
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4. Matrix device according to ciairrv characterized 
in that said matrix device is a flat panel (FPD) carrying a 
smectic liquid crystal flat panel display (LCD) which consti- 
tutes said coordinate matrijx, and said driver units. (FPDR) 
which are disposed around said display, cells of said display 
being located at said crosspoints. 

5 . Matrix device according to claim 1, characterized 
in that each of said driver circuits (LD, HVD) has logical 
means (LD1/30) including a signal switching circuit (PGl/5, 
TNV16/1S) controlled by said • direct ion control means (RLC) and 
enabling cc-oleme nt ary couplings betv;een firs^: (.^.I) and second 
(AO) terminals and, alternatively between third (31) and 
fourth (BC) -erminals. 

6. Signal switching circuit (PGl/5, INV16/18) 
enabling controlled complementary couplings between first 
(AI) and second (AO) terminals and, alternatively between 
third (BI) and fourth (30) terminals, characterized in that said 
second (AO) and fourth (30) terminals are interconnected and 
coupled through a signal memory circuit (INV16, IIs^/lS, PG5 ) 

to the common terminal of two gates (PGl/2) controlled so as 
to be in comolementary conductive states and whose other 
terminals . are respectively coupled to said first (AI) and 

third (BI) terminals. 

7. Plurality of signal switching circuits as in 
claim 5, characterized in that said circuits are cascaded with 
the first (AI) and fourth (30) terminals of one circuit res- 
pectively coupled to the second (AO) and third (BI) terminals 
of the next circuit. 

8. Plurality of signal switching circuits as in claim 
1, characterized in that the two terminals (AI, BO; AO, BI) at 
an end of said cascade are coupled through a controlled inter-' 
face circuit (ICI/IO) to a bidirectional line (BP). 

9. Plurality of signal switching circuits as in 
claim 8, characterized in that said controlled interface 
circuit (ICl/lO) includes first means (NAND2,' NOR4, PM2, NM2 ) 



lO 
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to regenerate and allow transmission of signals between saia 
^iaireotional line (BP) and one (AI: BI) of said two terminals 
' ; eo: .o. BX, wHile transmission between t.e otHer (.0, BO, 
o'£ these terminals and said bidirectional line is inhibited 
and includes second means (ItWU/W. NA«B1, «0R3, PMl. «M1,, 
to regenerate and allow transmission of signals between sa.d 
other terminal (AO, BO) and said bidirectional l.ne "".le^ 

nal fAi- BI) and saxd bidi- 
transmission between saxd one terminal (AI , BI) 

rect'ional line is inhibited. _ 
lO -trix device according to claira 5, characterized 
. .... .-.e --a-, switching circuit (PC-1/5, 11-^16/18) is 

T-es>l-ized as per claim 6. _ 
^{ .,atri-x device according to claim lO, character xzea 

• ^h-^ saic sp'xfz register formed by said driver circuits 
\Id^"Zd) is realized by the cascade connection of the signal 
switching circuits (PGl/5, I1W16/18) as per claxm 7. 

12 Matrix device according to claim 11, 
characterized in that each of said driver units (FPDR) has a ■ 
rturalitv of control terminals (11/5,. 01/5) t^ch saro .nput 
,0 Ilgnals "(DATAXC/K, I>AT.C/R. CLKC/R. rBBOC/K. E«C/K. SB.C/K) may 
l.e aoolied, and among which at least one is coupled " 
cont;;iled interface circuit (ICl/lO) as per any of the cla.ms 

g 3-^. r.-'^^ectional line (BP), said interface 

!ir=u^t'bIinr-ntrolled by said direction control means (RLC) . 

13 Matrix device according to claim 12, characte- 
rized in thai a plurality of driver units (FPDR) connected in 
.eries via said control terminals (11/5, 01/5) are located 
along at least one side of said coordinate 



15 



25 



matrix (L.CD) 
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14 . Matri>: device accordina to r^laim lo 
characterized in that said logical means (LD1/30) ^.If.er 
xncluce combination means (PG6/7, XNR, KAND3, ANDl/3 INVI9/- 
coupled to said signal memory circuit (INVI6, IMV18 PG5) 
and adapted to translate said input signals (DATALC/R, datarc 
CLKC/R, PREQC/R, ENC/H, SELC/R) into a nu:^er of codes corner- 
sxng a plurality of elements (INl/3) controlling distinct or' 
of a Ixke plurality of circuits (HVI/3) forming a switch re; 

circuit (K^/D) also included in c^-ir? 

xnciucea m saic driver circuit (ld, K\rD) 

and having said one line output terminal (0UTV30) ^o 
which said .output circuits are able to applv outout =.cnai= 
(CSC, CC, CNC; RSC, R^^SC, STROBE) defining the electri;al ."ta- 
of the coupled line. 

• "s^rix device according to claim 14 

characterized in that said combination means (PG6/7 'xNR 

NAM,3, ANDl/3, XNV19/22) are provided with latching' mean! (Pc-7 

XNV20/21) for latching some of said input signals (DATALC/r, ' 

DATARC/R) under the control o^ other of <;a--^ i r. ■ ■ 

- "'-•"er Ox saxd mou-c siapai s 

20 (ENC/R) . - ^ 

16. Switching circuit (HVD) able to selectively 
couple one out of at least three voltages at resoective inout 
terminals (-.VI, -V2, OV) to a corr^mon output terminal (OUT)' 
Characterized in- that first. (HVl) and second (HV2) circuitl 
25 coupling respectively the first (h-VI) and the second (-V2) 

xnput terminals to said common output terminal (OUT) include 
at least one DMOS switch device (NM4), and that at least one 
third circuit (HV3) coupling the third input terminal (OV) 
to said common output terminal includes two DMOS switch 
30 devices (Nl.17/8) coupled in series opposition. 

17. Switching circuit according to claim 16 
characterized in that each of said circuits (HVl/3) further 
includes operating means (R8, NM3 ; Rll, nm6) associated to 
the respective DMOS switch device (s) (NM4; NM7/8) and able 
35 to open said DMOS switch device (s) more rapidly than closing 
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it/them. 

18. Switching circuit according to claim 16, 
characterized in that said circuits (HVl/3) are interconnected 
(Tl, T2) and coupled to logical means (LDl/SO) controlled 
by input signals (FREQC/R, SELC/R, ENC/R) and able to generate 
a number of codes comprising three elements (INl/3) each 
controlling a distinct one of. said circuits. 

19 . Switching circuit according to claims 17 and 
18. characterized in that each of said circuits (HVl/3) further 
includes a level translator (R5/6, PI; R9/10, ?2) including 
an active device (?1; P2) coupled between said logical means 
(UD) and said operating means (R8, Nyi3 ; Rll, NM6) , and adapted 
to transform, together with said operating means, said -elements 
(TNl/3) of said codes into control signals for said DMOS 
switch devices (NM4; 2nM7/8) . 

20- Switching circuit according to claim 19, 
characterized in that current flow through said DMOS switch 
devices -(NM4; NM7/8) , said operating means (R8, NM3 ; Rll, NM6) 
and said active devices (PI; P2) of said level translators 
(R5/6, PI; R9/10, P2) is inhibited when said three elements 
(INl/3) of said codes are such that the voltage at' the third 
input terminal (OV) is applied to said common output terminal 
(OUT) . 

2l . Swit ching circu it according to claim 19, 
5 characterized in that said first (HVl) and said second (HV2) 
circuits are identical and have their level translator (R5/6, 
PI) coupled to said said operating means (Rll, NM6) of said 
third circuit (HV3) via first interconnection means (R7 ; Rl, D3) 
the operating means (R8, m^) of said first and second circuits 
O being coupled to said level translator (R9/10, P2) of said 
third circuit via second interconnection means (T2) , and 
that said third circuit controls said operating means of said 
fl^^t and second circuits via said first and second inter- 
connection means . 
j5 22 . Switching circuit according to claim 17 , 
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characterized in that said DMOS switch devices are DMOS tran- 
sistors (NM4; NM7/8) of same conductivity type (N-channel) 
and that said operating means {R8, NM3 ; Rll, NM6) including 
a transistor {KM3 ; NM6) and a resistor (R8; Rll) are able to 
make said associated DMOS transistor ( s) (NM4; NM7/8) slowly 
conductive by charging its/their intrinsic gate capacitance 
towards a positive voltage (+V3; +V1) .through said resistor and 
tc rapidly block said DMOS transistor ( s) by applying a 
negative voltage (-V2) to its/their gate electrode via the 
drain-to-source path of said transistor. 

2 3. Switching circuit according to claims 2 1 
and 22, characterized in that said negative voltage ( -V2 ) is 
penr.anently applied to the source, electrode of said transistor 
(NM3; me) of each of said operating means (R8, NM3 ; Rll, 
NM6) , that said transistor (NM3) included in said first (HVl) 
and second (HV2) circuits is controlled by a respective one 
of said level translators (R5/6, Pi) and by said operating 
means (Rll, NM6) of said third circuit (KV3) via said first 
interconnection means (R7; Tl, D3), sa[id transistor (NM6) of 
said third circuit being only controlled by said coupled level 
translator (R9/10, P2), and that said positive voltage (+V3; 
+V1) is permanently applied to one end of said resistor (Rll) 
of said operating means (Rll, NM6) included in said third 
circuit, and is applied to one end of said resistor (R8) 
of said operating means (R8, WM3) included in said first 
and second circuits by said level translator (R9/10, P2) 
of said third circuit via said second interconnection means 
(T2) . 

24. Matrix device according to claim 14, 
characterized in that said switching circuit (HVD) is realized 
as per any of the claims 16 to 23, each of said line output 
terminals (OUTl/30) being said common output terminal (OUT) . 
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